with water. For all the flow rates considered in present investigation, an increase in all the thermal parameters is observed. % enhancement in actual heat transfer rate is upto 89%, 20% for convective heat transfer coefficient and 26% in case of Overall heat transfer coefficient are obtained compared to water. However, the pumping power required for CuO-W nanofluid is more compared to water.
Introduction
For cooling several electronic devices heat sinks are employed. In many engineering applications and in biomedical devices a lot of interest is growing due to their enhanced heat transfer characteristics. Minichannel heat sink serves as a means of cooling for several devices.
Due to this, attention of researchers is increasing for their application in automobile, aerospace, bioengineering, refrigeration and electronic cooling [1] , [2] . To enhance the heat transfer phenomenon in minichannels, nanoparticles are mixed with conventional fluids like water and circulated through the channels. The obtained nanofluid is passed through the minichannels which results in great enhancement of heat transfer rate [3] , [4] . Many nanofluids prepared using nanoparticles like Al2O3, CuO, TiO2, SiO2, MWCNT etc., are studied by various researchers for their application in different heat sinks and heat exchangers [5] - [7] .
Al2O3 nanoparticles suspended in water/ethylene glycol as base fluid was experimented in minichannel with 0.1-0.25% VC (volume concentration) [9] , Re 133 to 1515 [10] , 0.1 & 0.5% VC [11] , 0-3% VC [12] having different cross sectional channels. Significant heat transfer enhancement (HTE) is reported in all the cases mentioned. Al2O3 and TiO2 with 0.8-4% VC in water [13] and Re 125-20000 [14] was separately studied and reported upto 71% THE. TiO2 and SiC [15] , TiO2, [16] , Diamond, CuO, SiO2 [17] are used in different case studies and all reported good improvement in convective heat transfer coefficient.
However, experimental study of CuO-W nanofluid in circular minichannel is not reported in the previous works. Hence this work is intended to analyze the heat transfer characteristics of minichannel maintained at constant heat flux using CuO-W as nanofluid for 0.02% volume concentration.
Experimental Methodology

Nanofluid Preparation and Experimental Setup
The nanoparticles are purchased form Sigma Aldrich chemicals Limited, India. The water was used as a base fluid for this study. The CuO-Water nanofluids of 0.02% volume concentrations were prepared by dispersing CuO nanoparticles in water. The solution was sonicated continuously for 1 hour using a probe sonicator to disperse the nanoparticle uniformly. Following this, the nanofluids was stirred continuously to obtain uniform dispersion of nanoparticles in base fluid. Figure 1 shows CuO-W nanofluid preparation.
Relations Used
The following Equations 1-8 were used to estimate the different important thermal parameters of the minichannel heat sink.
Actual heat transfer:
Reynolds number:
where
Nusselt number: = 0.027
Heat transfer coefficient:
Friction factor: = 0.184
Pumping power:
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Cuo-W minichannel setup, it is insulated carefully with asbestos. A mini-pump is placed to supply the nanofluid from the reservoir to the heat sink. A heat exchanger is placed immediately after the flow of nanofluid from the minichannel in order to obtain the constant inlet temperature of the fluid.
The minichannels are made of split aluminium plates of 2mm hydraulic diameter size circular channels. For the above-mentioned set-up, the nanofluid after sonification (achieved using probe sonicator) for 90 minutes to have a uniform suspension of CuO in water is pumped from the reservoir through the flow regulating valves. At the inlet of the minichannel, the temperature is measured and then allowed to pass through the channel so that it can carry heat from it. At different points of the minichannel, temperature is measured once the flow attains steady state. At the exit, again the temperature is recorded and made to pass through the heat exchanger so as to maintain the flowing fluid temperature at constant range. The parameters such as Convective HTC (Figure 4 ), Actual heat transfer rate ( Figure 8 ) and
Overall HTC ( Figure 9 ) are gradually increasing with increase in flow rate. We can see that at 1 lpm these parameters are showing maximum variation compared to water. On the other hand, the energy consuming parameter pumping power has also increased which is due to increased viscosity of the nanofluid due to presence of CuO nanoparticles.
From figure 10 % enhancement are shown compared to water at a flow rate of 1 lpm. It can be quickly noticed the difference obtained. This improved thermal parameters are obviously at the cost of increased pumping power. Upto 89% actual heat transfer rate has enhanced, which is a sign of ability of CuO-W nanofluid to be used in heat sinks for cooling various devices.
Conclusion
An experimental study has been carried out on comparative heat transfer analysis of circular minichannels subjected to CuO-W nanofluid. The experiments were conducted for constant heat flux under steady state transition flow with forced flow conditions. During the time of experiments the following concluding remarks were disclosed.
• With increase in the flow rate the convective heat transfer coefficient increases and it is maximum in case of CuO-W nanofluid compared to water.
• For CuO-W nanofluid the amount of pumping work required is more compared to water.
• Even for small percentage of CuO nanoparticles suspension in base fluid can improve and enhance the heat transfer capability of fluid.
• % enhancement in actual heat transfer rate is upto 89%, 20% in convective heat transfer coefficient and 26% in case of Overall heat transfer coefficient are obtained compared to water. 
